Abstract Cellular and/or tissue-based products (CTPs) are emerging treatment options for chronic non-healing wounds. Dehydrated amniotic membrane allograft (DAMA) was used in 7 patients whose wounds had not responded adequately to standard and adjuvant therapies; four VLUs, 2 surgical wounds, and 1 DFU. Patients had multiple comorbidities, including 2 with autoimmune disorders (CREST syndrome and systemic lupus erythematosus). Patients received 3-8 applications of DAMA at weekly to biweekly intervals (average, 5.4 applications). Complete wound healing was observed in 6 of 7 patients during study period, with an average time to closure of 7.9 weeks. Closure was achieved in 3 of 7 patients after 3 DAMA applications. In the patient with CREST syndrome who did not completely close, DAMA reduced the area and volume by nearly 50% and later went on to closure. These cases suggest that DAMA is a viable option for recalcitrant DFUs, VLUs, and surgical wounds.
Introduction
The prevalence of chronic skin ulcers of the lower limbs is approximately 1% in industrialized nations. 1 Motor, sensory, and autonomic neuropathy can contribute to ulcer formation, and advanced age, underlying disease, presence of comorbidities, poor healing capacity, and poor treatment compliance can interfere with wound healing. Chronic leg ulcers can persist for years and tend to recur. A survey of 600 patients with chronic leg ulcers showed that 20% were not healed after 2 years despite treatment, and two thirds of patients had experienced recurring episodes of ulceration. 2 Leg ulcers associated with underlying disease include those related to poorly controlled diabetes (diabetic foot ulcers [DFUs] ) and those resulting from advanced chronic venous insufficiency (venous leg ulcers [VLUs] ). Chronic leg wounds can also result from surgical procedures, most typically in the setting of underlying medical conditions such as diabetes or peripheral vascular disease that predispose patients to poor healing. Comorbidities that may contribute to poor wound healing include hypertension, obesity, diabetes, and dyslipidemia. 3, 4 Non-healing DFUs may be associated with serious medical consequences such as infection, limb amputation, increased risk of myocardial infarction, and increased risk of all-cause mortality. 5, 6 Chronic VLUs are susceptible to microbial infections, which may delay healing and result in complications such as cellulitis and sepsis. 7 Patients with chronic ulcers report effects on quality of life including social isolation, depression, negative self-image, and decreased mobility and productivity. 8 Treatment of ulcers is costly, especially when healing is prolonged and comorbidities exist. 9 Therefore, advanced modalities that may shorten the time necessary for healing are needed.
Standard therapy for VLUs includes compression therapy, control of bioburden, debridement, and wound moisture balance, 10, 11 while DFU treatment includes offloading, infection control, debridement, dressings, and often surgery. 12 If ulcers do not heal with standard treatment, ''advanced wound care'' therapies including hyperbaric oxygen therapy (HBOT), negative-pressure wound therapy (NPWT), topical agents, and cellular and/or tissue-based products (CTPs) may be used. 11, 12 Human amniotic CTPs are non-immunogenic and have anti-inflammatory effects, with beneficial properties in wound healing related to the release of growth factors and cytokines that stimulate ulcer healing in the wound bed. 13, 14 Recent advances in human amniotic membrane tissue sterilization and product stability have led to the use of amniotic CTPs for treating chronic wounds. Dehydrated amniotic membrane allograft (DAMA; Amnioexcel Ò ; Derma Sciences, Inc., Princeton, NJ) is a CTP with an intact extracellular matrix to support skin repair, reconstruction, and replacement. 15 It is procured from consenting women during live births via planned cesarean section and undergoes sterilization and proprietary DryFlex Ò processing (BioD LLC, Memphis, TN) to maintain inherent extracellular matrix components, growth factors such as fibroblast growth factor, insulin-like growth factor and vascular endothelial growth factor, and cytokines. DAMA is minimally manipulated during processing to retain the structure and components of the tissue. 16 This retrospective case series illustrates the use of DAMA in patients with chronic leg wounds and multiple severe comorbidities.
Materials and Methods

Treatment Setting and Patient Selection
Patients with chronic wounds of the lower extremity were treated with DAMA at the Mercy Hospital Outpatient Wound Care and Hyperbaric Medicine Center, Oklahoma City, OK, between May and October 2014. Criteria for DAMA application included lack of progress toward wound healing despite standard treatments and adjuvant therapies as judged by the physician based on clinical characteristics such as wound bed appearance, wound margin status, changes in wound size, and response to previous treatment modalities. A minimum of 4 weeks of unsatisfactory progress was utilized in each case. The case series protocol was approved by the institutional review board committee and written consent was obtained from patients permitting the use of health information and photographs.
Study Procedures and Analyses
Baseline demographics, history, and wound characteristics were obtained from patients' charts. Medical history included wound etiology and duration, comorbidities, and prior treatment. Preferred method of wound bed preparation prior to DAMA application was sharp debridement where indicated and confirmation that wounds were free of clinical signs of infection. Under sterile conditions, the DAMA was removed from its packaging, trimmed to fit the wound with an approximate 1-mm overlap of wound margins, placed in the wound, and allowed to self-adhere. A saline-moistened cotton swab was then used to remove any air bubbles underlying the DAMA and to ensure close contact with the wound bed; the DAMA was covered with a non-adherent silicone dressing and secured with retention tape. A bolster dressing was then applied to secure the DAMA into place. Patients were given instructions for wound management in accordance with standard of care (SOC), including offloading for diabetic wounds. Methods of offloading varied. For patients with VLU, compression bandages were used throughout the course of therapy with no change in compression level.
Follow-up visits occurred weekly. Patients were evaluated regarding the need for additional DAMA applications based on the investigator's judgment of benefit. If deemed medically necessary, the DAMA was reapplied either weekly or biweekly and wound dressings were changed. In those instances where biweekly application were chosen, standard of care dressings (i.e., compression dressings with moisture control for VLUs and dry, sterile dressings with appropriate offloading for DFUs) were applied and the wound observed for continued response. Patients were evaluated and photographed every week after the first DAMA application until wound closure. Overall wound appearance, wound area (calculated as length ! width), wound volume (calculated as length ! width ! depth), presence and degree of granulation, and need for any additional wound care strategies were documented at each visit. Wound closure was defined as an area and volume of zero. Standard descriptive statistics, including means, percentages, and ranges were calculated for pooled data.
Results
Among the 7 patients included in this series, mean age was 64 years (range, 55-97) ( Table 1) . Two patients had surgical wounds, 4 patients had VLUs, and 1 patient had a DFU. All patients presented with multiple comorbidities. Four patients had hypertension and 6 had dyslipidemia. Autoimmune disease was present in 2 patients and included systemic lupus erythematosus (SLE; n 5 1) and CREST syndrome (n 5 1). All patients received prior treatment, including debridement with topical collagenase (n 5 3), NPWT (n 5 2), offloading and topical antibiotics (n 5 1), and multiple applications of another CTP along with multiple rounds of HBOT (n 5 1). Mean and median wound durations prior to DAMA application were 27.3 weeks and 19.4 weeks, respectively.
Patients received 3-8 applications of DAMA at weekly to biweekly intervals (average, 5.4 applications). Mean and median times between applications were 8.0 and 6.5 days, respectively. All but 1 patient showed wound size reduction after 1 DAMA treatment. Six of the 7 patients experienced wound closure (86%), with 3 patients achieving closure after 3 DAMA applications (Table 2) . Among the 6 patients who experienced wound closure, the mean time to closure was 7.9 weeks (range: 4.4-15.4). For the patient who did not experience wound closure, the area and volume of the wound were reduced from baseline by 44.6% and 44.3%, respectively, after 8 DAMA treatments and a total of 14 weeks following the initial application.
Representative Case Studies
Detailed information is provided on the following 4 cases of interest.
Case 1
Patient 1, a 97-year-old female, presented in April 2014 with a VLU on the lower anterior aspect of the right leg that developed following hematoma from a traumatic injury. At initial presentation and following hematoma evacuation, the wound area and volume were 5.75 cm 2 and 2.88 cm 3 , respectively. Comorbidities included dyslipidemia, hypertension, chronic venous insufficiency, and peripheral vascular disease as confirmed by arterial Doppler ultrasound. Previous treatment included periodic sharp debridement, collagenase ointment, and level-2 compression. After -multiple follow-up visits over a 2 month period and initial improvement, the wound area and volume stalled at 3.75 cm 2 and , respectively. DAMA treatment was initiated and was reapplied weekly. After a small improvement in the first week of treatment, substantial reductions from baseline in area (39%) and volume (59%) were observed after the second DAMA application. After the third DAMA application, the patient was followed until closure, which occurred 6.7 weeks after the first DAMA application. Compression was continued throughout treatment (see Fig. 1 ).
Case 2
Patient 2, a 56-year-old male, presented in February 2014 with a traumatic VLU involving the medial lower aspect of the left leg of greater than 3 months duration and an initial area and volume of 11.55 cm 2 and 1.16 cm 3 , respectively. The VLU developed due to new trauma at a site of scarring and chronic venous insufficiency following a motorcycle accident as a youth. Comorbidities included dyslipidemia and hypertension. Previous treatment included topical antibiotic ointment. A multilevel transcutaneous oxygen tension study confirmed moderate local tissue hypoxia of the periwound area due to scarring. A wound culture was positive for colonization with Pseudomonas aeruginosa and Morganella morganii. Treatment with appropriate culture-guided antibiotics was initiated, and repeat wound culture performed 2 weeks later confirmed eradication. The wound had not improved after 8 weeks of standard of care treatment including collagenase, class I compression, and eradication of bioburden. DAMA was initiated 8 weeks after initial presentation. The wound area and volume were 16.8 cm 2 and 1.7 cm 3 , respectively at the first DAMA application. The wound immediately began to show signs of proliferation after the first DAMA application. Thereafter progress toward healing plateaued multiple times following periods of improvement. DAMA was applied 8 times at weekly intervals. At the final DAMA application, wound area and volume had decreased to 2.3 cm 2 and 0.2 cm 3 , respectively. Foam dressings and level-2 compression were resumed. The wound closed 6.5 weeks thereafter (15.5 weeks from initial DAMA application) (see Fig. 2 ).
Case 3
Patient 3, a 57-year-old female, presented in January 2014 with a surgical wound on the lateral aspect of the right ankle over the distal fibula with exposed tendon. The patient had undergone repair of the peroneal brevis tendon, peroneus longus tendon, and primary repair of the anterior talofibular ligament of the right ankle earlier that month. At initial presentation, the area and volume of the wound were 27.0 cm 2 and 2.7 cm 3 , respectively. The patient had comorbidities of CREST syndrome and rheumatoid arthritis (RA) and was receiving rituximab IV injections. She had received 8 dehydrated human amnion/chorion CTP treatments and 40 HBOT treatments under the care of a podiatrist prior to being referred for further treatment 5 months after surgery. Despite substantial initial progress, wound healing again stalled despite standard of care treatment with foam dressings. DAMA was initiated approximately 8 weeks after the final previous CTP placement and 6 months after initial presentation; the wound area and volume were 3.5 cm 2 and 0.4 cm 3 , respectively at first DAMA application. After 8 weekly DAMA treatments, the wound had not closed completely; however, the wound area had decreased by 45%. Wound healing continued with ongoing evidence of proliferation over the ensuing month with SOC. The wound area and volume were 0.4 cm 2 and 0.04 cm 3 , respectively, by the end of the reporting period, 14 weeks after the initial DAMA treatment. The patient went on to achieve successful wound resolution within 6 weeks of the conclusion of the study (see Fig. 3 ).
Case 4
Patient 4, a 56-year-old female, presented in April 2014 with a non-healing surgical wound on the anterior aspect of the right knee following a total knee replacement. Three weeks after undergoing surgery, the patient fell on the incision site, exposing the patellar tendon and exacerbating the severity of the wound. The wound area and volume at initial presentation were 5.2 cm 2 and 1.0 cm 3 , respectively, with areas of tendon still exposed. The patient had multiple comorbidities, including dyslipidemia and SLE. She was receiving chronic steroid treatment, methotrexate and adalimumab for SLE. Initial wound treatments, including NPWT and foam dressing containing silver, resulted in granulation of the wound bed over the tendon and decrease in wound area by greater than 60%. However, after 2 months of continuing these treatments, no additional progress was observed. DAMA treatment was begun, at which time the wound area and volume were 1.7 cm 2 and 0.2 cm 3 , respectively. Secondary collagen dressings, adhesive dressings, Steri-Strips Ò (3M, Oakdale, MN), and gauze/Hypafix Ò tape (Smith & Nephew, London, UK) were used with the first and second DAMA applications. With weekly DAMA applications, consistent reductions in wound area and volume were observed. After the second DAMA application, area and volume of the wound had improved by 40% and 41%, respectively. After the third weekly DAMA application, the wound continued to improve, with closure achieved 4.4 weeks after the initial DAMA treatment (see Fig. 4 ).
Discussion
This case series of patients presenting with chronic non-healing wounds of various etiologies and various comorbidities for whom previous SOC and other wound treatments were unsuccessful demonstrated that wound closure occurred in 6 of 7 patients after DAMA treatment, with improvement in the patient who did not achieve wound closure. The average time to closure was 7.9 weeks. All patients treated with DAMA experienced reduction in wound size and, for most patients, improvement was noted after only 1 DAMA treatment.
An important aspect of this case series is the inclusion of patients with numerous severe comorbidities. Patients with comorbidities are often excluded from controlled clinical trials to simplify patient selection and interpretation of findings. 17 The 7 patients in this case series had multiple comorbidities, of which 2 were autoimmune related. Autoimmune disorders such as CREST syndrome and SLE have been shown to contribute to the delayed healing of ulcers. In a chart review of 340 patients with chronic wounds, 23% of patients presented with autoimmune disease including rheumatoid arthritis, SLE, and CREST syndrome. In these patients, wounds were larger, and though not statistically significant, they appeared to take longer to heal (mean 14.6 vs 10.3 months, P 5 0.07), and were less responsive to some treatments compared with patients without autoimmune disorders. 18 Chronic use of treatments for autoimmune disease, such as systemic steroids (as seen in case 4), may also contribute to impaired wound healing. 19 The results of this case series support findings from 2 previous case studies in which DAMA was used to treat chronic DFUs. 20, 21 Similar to the present results, these case studies reported healing times ranging from approximately 3-8 weeks. The results reported herein are also similar to findings from case series of other human amniotic CTPs. A case series of human amniotic CTP to treat various chronic wounds that failed to heal within 4 weeks of SOC showed closure with 1-3 applications in 3-17 weeks. 22 In another case series of patients with leg ulcers of multiple etiologies that failed to heal within 4 weeks of SOC treatment, the mean time to wound closure after human amniotic CTP treatment was approximately 8.5 weeks. 23 The time to wound closure in our case series was similar despite the presence of multiple comorbidities in our patients.
As with all case series reports, inherent limitations affect interpretation. Data are reported from a single treatment center, which may result in selection bias and limit generalizability to a wider population. Additionally, the lack of a control group limits the ability to draw conclusions about the effectiveness of one treatment compared with another, although the present case series provides evidence of the effectiveness of DAMA treatment in patients for whom conventional therapies were ineffective.
Although direct comparisons between case studies and clinical trials can be problematic, data on the effectiveness and safety of CTPs derived from non-amniotic and amniotic sources may provide additional information for evaluation of the use of these products. CTPs derived from various non-amniotic tissue and cell culture sources have demonstrated efficacy versus SOC alone in treating chronic wounds. [24] [25] [26] In these studies, healing rates vary substantially (30%-76% at 12 weeks), possibly due to different study designs, product characteristics, baseline wound size, and duration and frequency of application. In a prospective, single-blind, randomized, controlled study, 245 patients with DFUs of at least 2 weeks' duration were randomized to receive a cultured human dermal fibroblast-derived CTP treatment or conventional therapy. 24 In the CTP group, which received up to 8 weekly applications, there was a significantly greater proportion of healed ulcers (defined as full epithelialization with no drainage) compared with the control group (30% vs 18%; P 5 0.023). Although details of time to healing were not described, the authors reported that wounds treated with CTP also had a significantly faster time to complete wound closure compared with those in the control group (P 5 0.04). Another randomized study investigating a cultured bilayered skin-equivalent CTP compared with SOC alone enrolled 208 patients with DFUs of at least 2 weeks' duration. 25 During the first 4 weeks of treatment, the CTP was applied weekly and patients were allowed to receive up to 5 applications. At week 12, 56% of those treated with CTP compared with 38% treated with SOC alone experienced wound closure, defined as full wound epithelialization without drainage (P 5 0.0042). Median time to closure was 65 days for CTP compared with 90 days for SOC alone (P 5 0.0026). The average number of CTP applications per patient was 3.9. A retrospective study assessed the efficacy of a CTP derived from placental tissue in 66 patients with chronic wounds that had failed to heal after 4 or more weeks. 26 After 12 weeks of CTP treatment, 76% of the wounds had healed (68% of VLUs and 85% of DFUs). Average time to closure, defined as 100% re-epithelialization and no evidence of drainage, was 5.8 (62.5) weeks, and among patients with wounds that healed, the average number of applications was 3.2.
Recent studies of human amniotic tissue-derived CTPs demonstrate efficacy compared with SOC. In a randomized single-center study (N 5 25) investigating treatment with human amniotic CTP (applied every 2 weeks; maximum of 6 applications) plus SOC compared with SOC alone in patients with DFUs of at least 4 weeks' duration, wound size was reduced by 97% in the CTP group compared with 32% in patient treated with SOC alone after 4 weeks (P , 0.001). 27 At 6 weeks, CTP-treated wounds were reduced in size by 98% compared with a 2% increase in size with SOC alone (P , 0.001). Overall healing rates (defined as complete epithelialization) at 4 and 6 weeks, respectively, were 77% and 92% with CTP compared with 0% and 8% with SOC (P , 0.001). In a retrospective crossover study (N 5 11) assessing a dehydrated human amniotic membrane CTP for the treatment of DFUs that failed to heal with SOC for 6 or more weeks, CTP was applied every 2 weeks for up to 6 applications. At week 12, 91% of wounds were healed. 28 Mean time to complete healing (defined as complete epithelialization) was 4.2 weeks. After 4 weeks (2 CTP applications), wounds treated with CTP decreased in size by 86% compared with 27% for those treated with SOC (P , 0.001).
Several practical questions regarding the optimal use of DAMA warrant future evaluation through clinical experience and studies. In many CTP clinical trials and case series, wound durations are variable and relatively short; some studies required wound duration of at least 2 weeks while others required wound durations of at least 4 or 6 weeks. On average, wounds in our case series had been present for 2-7 months prior to the first DAMA treatment and had been treated unsuccessfully with various products and treatment modalities. It is unknown whether DAMA would result in faster and more complete wound healing in patients who have wounds of durations shorter than those in this series. The maximum number of CTP applications permitted and the optimal interval of application also vary among clinical studies and case series. Additional study is needed regarding the optimal interval and duration of DAMA treatment. Factors that could impact the number and frequency of DAMA applications include patient and ulcer characteristics and financial considerations. Treatment should be tailored to the patient, particularly when multiple comorbidities are present that may slow the healing process.
Conclusions
The successful outcomes with DAMA treatment in this case series of patients with chronic non-healing wounds and multiple comorbidities are encouraging. The challenging nature of these wounds and the substantial negative impact on quality of life and functioning emphasize the importance of identifying effective treatments that result in timely wound resolution. Although additional data are needed to fully assess effectiveness, these cases suggest that DAMA may be a viable option for treating chronic DFUs, VLUs, and surgical wounds in patients with comorbidities who have not responded to traditional therapy.
